I. Eight protein concentrates were compared on a total lysine basis in lysine-deficient diets for pigs during the 20-45 kg growth phase. Each diet was also supplemented with free lysine to verify that lysine was the first limiting amino acid.
Animals and procedure
The sixteen diets were arranged in a randomized block design with eight pigs allotted per diet. Four were females and four were castrate males, all of Large White breed. The pigs were penned individually and water supplied by 'nipple' drinkers. Dietary treatments were introduced when the pigs reached 20 kg live weight.
The diets were offered at a daily rate of 1000 g at 20 kg live weight, with IOO g increments/2.5 kg live-weight gain. The pigs were fed six times daily, at intervals of 3 h, to enhance the utilization of the added free lysine (Batterham, 1974) . The feed was offered dry. Rations were adjusted after the weekly weighings of the pigs.
The pigs were slaughtered after reaching a minimum weight of 45 kg. The carcasses were chilled overnight and cold carcass weight recorded. The ham was dissected and the lean content used as an indicator of carcass leanness. Pig response was assessed in terms of daily live-weight gain, feed cotversion ratio (kg feed eaten/kg live-weight gain), dressing percentage (cold carcass weight as a percentage of live weight) and lean content in the ham. The results were analysed by analysis of variance and treatment means separated by least significant difference.
Rat bio-assay The composition of the basal diet (g/kg) was wheat 650, wheat gluten 100, maize oil 20, boneflour 25, minerals and vitamins 5 (composition as in Table I ) and wheat starch 200. Three levels of standard lysine (0.75, 1-5 and 2-25 g/kg) were used to determine the response to lysine. The protein concentrates were incorporated into the diets to supply the same three levels of total lysine as used to determine the standard lysine response. This was done at the expense of wheat starch. Additional maize oil was used with some protein concentrates to maintain the estimated digestible energy content of the diets.
Two female and two male albino rats, approximately 26-28 d old, were used per dose. The rats were individually caged in a room where the temperature and relative humidity were maintained at 21' i-I' and 50 f. 5 yo respectively. Lighting was supplied for 12 h daily.
Food was supplied in self feeders. The rats were assessed for weight gain and feed conversion efficiency (FCE) (g gain/g food eaten) over a 14 d test.
Single assays were used for sunflower, cottonseed and fish meal. Double assays were used for meat meal I and skim milk and meat meal 2 and soya-bean meal. The results were analysed by the slope-ratio technique of Finney (1964). The potencies and their standard deviations were calculated.
RESULTS
Growth rates and teed conversion efficiencies of pigs given fish meal, rapeseed meal, skim milk and soya-bean meal were similar and superior (P < 0.05) to those given cottonseed meal, the meat meals and sunflower meal ( Table 3) . The lean content of the hams was E. s. BATTERHAM AND OTHERS greater in the pigs given the former four meals but these differences were not statistically significant ( P < 0.05) from the latter four meals.
The addition of 4 g lysine/kg feed significantly (P < 0.05) increased growth rate and feed conversion efficiency in all diets except skim milk, where the responses were not statistically significant. Lean in the ham was significantly increased ( P < 0.01) in all diets supplemented with free lysine. The addition of lysine aIso significantly ( P < 0.05) increased carcass dressing percentage, from 72.8 in pigs given diets nos 1-8 to 73.5 in pigs given diets nos 9-16. The availability of lysine in the protein concentrates ranged from 0-97 for skim milk to 0.84 for meat meal 2, according to the Silcock technique (Table 4) . Rat bio-assay estimates ranged from 1.06 for skim milk to 0.43 for sunflower meal when gain was the criteria. With FCE as the criteria, lysine availability ranged from 1.03 for skim milk to 0.48 for meat meal 2. No bio-assay estimates were made with rapeseed meal as the rats refused to consume sufficient food to support adequate growth.
DISCUSSION
The 17 yo difference in growth rates of pigs given diets nos I and 5 (cottonseed and rapeseed meal respectively) indicates substantial differences in the availability of lysine in the protein concentrates. As the test proteins contributed half the dietary lysine, if the response to lysine was linear from zero lysine level, then the differences in pig response indicate that the availability of lysine in the rapeseed meal was 34q4 greater than in the cottonseed meal. However, it is unlikely that the response to lysine would be linear from the zero level, and the variation in lysine availability could be much greater. For example, in similar experiments conducted at this Agricultural Research Centre, the mean response of pigs in five experiments to supplements of 2 g lysine/kg diet was 77 g/d (Batterham & O'Neill, 1978) .
In those experiments the basal diets contained between 5.1 and 5-78 lysine/kg and the growth performance of the pigs (438-548 g live-weight gain/d) was similar to the growth range in the current experiment (460-538 g live-weight gain/d). Thus if the potency of I g lysine/kg diet is equivalent to a growth response of 38.5 g/d, then the differences in performance of pigs given the diets containing cottonseed meal, meat meal I and 2, and sunflower meal compared to the rapeseed meal are equivalent to differences in lysine of approximately 2, 1.4, 1-6 and 1.8 g/kg diet respectively. As the test proteins contributed 3 g lysine/kg diet, then these differences in lysine availability would be 0.67, 0.47, 0.53 and 0.60 respectively, or an average of 0.57.
The calculations described are based on the assumption that variation in available lysine was the prime factor causing the variation in growth response in the pigs given diets nos 1-8. This assumption appears to be valid, as lysine was the major limiting amino acid in all diets except skim milk, where the response to lysine was not statistically significant. In addition, the response to lysine was substantial in pigs given the four diets containing the protein concentrates that produced the least growth (diets nos I, 3, 4 and 8). With the diets containing cottonseed and meat meal 2 , the response to lysine eliminated the difference between these diets and the diets containing fish meal, rapeseed meal and skim milk and just failed to do so with the soya-bean meal-containing diet. However, once lysine is given in excess, then other amino acids may become limiting. For this reason, equal growth on all diets supplemented with lysine (diets nos 9-16) would not be expected, or necessary to validate that lysine was the prime limiting factor in diets nos 1-8.
Although the protein-energy ratios varied within the diets, it is doubtful that this had any effect on the results. The diets containing cottonseed and sunflower meal had the widest protein-energy ratios and those containing fish meal and skim milk the least. The addition of lysine to these diets had little effect on protein-energy ratios but it eliminated the differences in pig response on these diets. In addition, it is probable that when the available lysine is reduced in a protein concentrate, the availability of the other amino acids will also be reduced, and hence the effective protein concentration in the diet. Thus the differences in effective protein-energy ratios in the cottonseed and sunflower meal diets may have been lower than indicated by the crude protein contents.
The rat bio-assay estimates for lysine indicated that the availability of lysine in the cottonseed, meat meals I and 2 and sunflower meal was substantially lower than in the fish, soya bean and skim milk. This was in general agreement with the pig performance results and the calculations of differences in lysine availability in the meals for pigs. There were differences in the rat bio-assay estimates for availability based on gain or FCE within some of the test proteins, and the standard deviation of the potencies was high for some of the assays. Similar differences were reported for a chick assay for methionine by Carpenter, McDonald & Miller (1972) and appear characteristic of bio-assays.
The Silcock estimates for lysine indicated little difference in the range of availability in the meals and were similar to those reported by Milner & Westgarth (1973) and Taverner & Rayner (1975) . There was little relationship between the Silcock estimates for cottonseed, meat meals I and 2 and sunflower meal and those for the rat bio-assay or the response of pigs fed on these diets. In view of these differences, it would seem advisable to determine the absolute availability of lysine in the major protein concentrates for pigs and to evaluate the relative efficiency of the different techniques for predicting lysine availability.
The response of pigs to the supplement of free lysine also indicates the potential for lysine in pig feeding. The growth performance of all pigs given the lysine-supplemented diets was excellent. In addition, this increase in growth rate was associated with more efficient feed conversion and a marked improvement in the lean content in the ham. Thus free lysine appears to have considerable application, not only for supplementing poorly balanced proteins (cottonseed and sunflower meals) but also for partially replacing some of the higher-quality meals (fish meal, rapeseed meal and soya-bean meal).
